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$A,)$ , $A_{3}$ , $A_{k+1}(k=1,2,3_{\backslash }\ldots)$
.
, , ( ) (




1. $n$ $\Lambda I^{r\iota}$ $n+1$ $R^{n\neq 1}$ $c\infty$ - $f$ :
$M^{n}arrow R^{n+1}$ , $p$
rank $(df)_{p}<n$
. $df$ $f$ .
$f$ , $\Lambda I^{n}$ $f$
. $A_{k+1}$ ,
. , .
2. $C^{\infty}$ - $f$ $:\wedge\# I^{n}arrow R^{n+1}$ , (wave fron.t front)
, $f$ 2 .
(1) $f$ $\nu$ : $A\lambda Iarrow T_{1}R^{n+1}$ ,
$df(TAf)$ $\nu$ . ( $\nu$ , $f$
.)
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$(2_{\grave{j}.\gamma i}l$ $\nu$
$L=(f, \nu):AI^{n}arrow R^{n.+1}\cross S^{n}(1)$
, . $S^{n}(1)$ .
$J\backslash I^{n}$ $T^{*}itI^{n}$ $P(T^{*}M^{n})$ ,
,
$R^{n+1}\cross S^{n}(1)\equiv T_{1}R^{n+1}\equiv T_{1}^{*}R^{n+1}$
,
$\equiv T_{1}^{*}R^{n+1}\ni v\mapsto[1’]\in P(T^{*}R^{n+1})$
$L$
$[L];_{A}\mathfrak{h}.f^{n}arrow P(T^{*}R^{n+1})$
Legendrian immersioii . ( $T_{1}^{*}R^{n+1}$
1 7/ , $L$
, $L$ $7l$ .)
, . . ,
, .
Fact 3. $\angle lI$ : $arrow\hslash I^{n}arrow A^{f}I^{n}$ $R^{n+1}$




. , 2 .
A
FIGURE 1.
1. ( ) $C^{\infty}$ -
$\gamma(t)=a(t-\sin t$ , l–cos t $)$ $(a>0)$
, , $a$
. $t\in 2\pi Z$ (3/2-
) . . ,
$\nu(t):=(\cos\frac{t}{2}, -\sin\frac{t}{2})$
. $\nu$ ‘ $(t)$ $\gamma(t)$ ,
.
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2. ( ) $AI^{n}$
$f:M^{n}arrow R^{r\iota+1}$
. $\dot{A}\mathfrak{h}1^{?1}$ Y$|$ ,
$\nu$ . , $t$
$f_{t}:=f+t\nu$
C$\infty$ - $f_{t}$. : $M^{\eta}arrow R^{n+1}\ovalbox{\tt\small REJECT}h$,
. $\nu$ , . $f_{t}$.
, $f$ ,
$t$ .
(wave front. front) , . $f$
$f_{t}$ .







4. $p,$ $q\in R^{n}$ $U,$ $V$ , 2 $C^{\infty}-$
$f$ : $(U. p)arrow(R^{n+1}, f(p))$ , $g$ : $(V, q)arrow(R^{n\neq 1}, f(q))$
( ) , $p$ $q$
$y’/\eta$ , $f(p)$ $f(q)$ $\Phi$ ,
$\Phi\circ f=g\circ\varphi$
. $f\sim g$ .
\S 1 $f$ $f\sim g$ $g$ ,
. ,
$k=1,2.3,$ $\ldots$
$f_{k};=((k+1)t^{k+1}+ \sum_{j=2}^{k}(j-1)t^{j}x_{j},$ $-(k+2)t^{k+1}- \sum_{j=2}^{h}jt^{j-1}x_{j},$ $x_{2},$ $\cdots,$ $x_{n})$
$c\infty$- . $f_{k}$ . ,
C$\infty\sim$ $A_{k+1}$
. , $f_{k}$ ,
$F(t)$ $:=x_{0}+x_{1}t+x_{2}t^{2}+\cdots+x_{k}t^{k}+t^{k+2}$
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.${\rm Im}(f_{k})=\{(x_{0}, x_{1}. \ldots, x_{n})\in R^{r.+1})\exists t\in R$ such that $F(t)=F’(t)=0\}$








. $f_{k}$ $x_{0}=(k+1)t^{k+2}+ \sum_{j=2}^{k}(j-1)t^{j}x_{j}$
$x_{1}=-(k+2)t^{k+1}- \sum_{j=2}^{k}jt^{j-1_{Xj}}$ .
( $A_{1}$- , ) $k=0$
$f_{0}=(t^{2},2t, x_{2}, \cdots x_{n})$
, $f_{0}$ $R^{n-1}$ , .
Al $$ .
( $A_{2}$- ) $k=1$
$fi=(2t^{3}\}-3t^{2}, x_{2}, \cdots x_{n})$




( $A_{3}$- ) $k=2$
$f_{2}=(3t^{4}+t^{2}x_{2}, -4t^{3}-2tx_{2}, x_{2}, \cdots x_{n})$
, $f_{2}$ , ( $A_{3}$ ,) $R^{n-2}$




, $U$ $(R^{n}, u_{1}, \ldots, u_{7l}.)$ ,
$f:Uarrow R^{n+1}$
. $\nu$ : $Uarrow S^{n}(1)$ , $f$ .
$f_{1\iota_{j}}:= \frac{\partial f}{\partial u_{j}}$
$R^{n.\neq 1}$ , $U$
$\lambda:=\det(f_{u_{1}}, \ldots, f_{\iota\iota_{n}}, \nu)$
. $f$ , $f$ ,
$\lambda$ .
5. $f$ $p\in U$ $($ $\lambda(p)=0)$ , (non-
degenerate) , $d\lambda$ $p$ .
$p$ , , $U$ , $f$
$S(f)$ , . , (singular
hypersurface) .
, $U$ $S(f)$ $U$




. , $q$ (null vector)
, (null direction) . , ,
$\eta:S(f)\ni q\mapsto r/_{q}\in T_{q}U$
$(S(f.)$ $)$ .
. .
6. $f$ : $Uarrow R^{n+1}$ , $p\in U$ , $\eta$
y $(v_{1}, v_{2}\ldots., v_{n-l})$ , $S(f)$ tangent frame
fiefd . , $R^{n}$
$\mu:=\det(v_{1}, v_{2\backslash }\ldots, v_{n-1}, \eta)$
$S(f)$ $c\infty$ - , .
(1) $p$ $A_{2}$ $\mu(p)\neq 0$
. , $S$ .
$tl’2)p$ $A_{3}$ $\mu(p)=0$
$d\mu_{p}(\eta)\neq 0$ 1.
$n=2$ , $R^{3}$ $A_{2}.A_{3}$
[KRSUY] . ,
.
1 $\mu(p)=0$ $\eta_{p}\in T_{p}S$ $d\mu_{p}(\eta)$ .
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7. $f$ : $Uarrow R^{n+1}$ , $p\in U$ . $p$
44 1 $(k\geq 3)$ , $d\mu(T_{p}S)\neq\{0\}$
$\mu(p)=\mu^{f}(p)=\cdots=\mu^{(k-2\grave{j}}(p)=0$ , $\mu^{(\lambda\cdot-1)}(p)\neq 0$
, $C^{\infty}$
$(\Phi_{\mu}:=)(\mu_{\tau}^{l}\cdots\mu^{(k-2)});S_{2}(f)arrow R^{k-2}$
$k-2$ . ( $S_{2}(f)$ $f$
$S(f)$ , $S(f)$ /4
. $S_{2}(f)$ $f$ 2 . $d\mu(T_{I},S)\neq\{O\}$
$U$ $r\iota-2$ .) $S_{2}(f)$ ,




$A_{4}$ , $\Phi_{\mu}$ 1 $\mu’’\neq 0$
, $A_{2:}A_{3}$
.

















, $n$ . .
9. $[StTY3]f$ : $Uarrow R^{n+1}$ , $p$ $f$






, ( $A_{3}$ ) 3/2-






10. [SUYI] $f$ : $Uarrow R^{n+1}$ , $p$ $f$ $A_{2}$ -
. , $f$ $f(S(f))$ $R^{n+1}$ 2
, $f(U)$ $p$
( 2 ) $f(S(f))$ .





$\lambda l^{n}$ . $\gamma$ $f$ $S(f)$




11. [SUY3] $f$ : $M^{n}arrow R^{n+1}$ , $A_{k}$
. $\gamma$ $M$
$\wedge^{\wedge\prime}/(t)=0$ $(if \gamma(t)\in S(f))$
. $\gamma$ null loop .
, $P^{1}$ $C^{\infty}$ -
$\hat{\kappa}_{\gamma}:S^{1}\ni t\mapsto[-\hat{\gamma}’(t)\cdot\hat{\nu}’(t)’\hat{\gamma}’(t)\cdot\hat{\gamma}’(t)]\in P^{1}$
, Sl $arrow$ $c\infty$ - .
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$m_{Y}$ , $\gamma^{k}$ . $Af^{\eta}$’
, null loop ,
$\rho_{f}:\pi_{1}(\Lambda I^{n})arrow Z$
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